Abstract: Mucins are the major glycoprotein secretions of mucous glands and display important functions in amphibian skin such as regulation of water homeostasis and mechanical and chemical protection. In the present study, we evaluated the glycoconjugate contents of developing mucous glands on dorsal regions of metamorphosing Bufo viridis (Amphibia: Anura) tadpoles using an alcian blue-PAS panel and lectin histochemistry. All the conical cells of mucous glands showed weak positivity for alcian blue in 0.025 M MgCl2 at pH 5.7 but only a few cells were positive for 0.3 M MgCl2 at the same pH. In addition, all the conical cells of mucous glands were negative for alcian blue at pH 2.5. In lectin histochemistry, conical cells reacted strongly with Galanthus nivalis agglutinin (GNA), Datura stramonium agglutinin (DSA) and peanut agglutinin (PNA), weakly with Maackia amurensis leucoagglutinin (MAL). These results suggest that they express predominantly mannose, galactose and partially α(2→3)-linked sialic acid containing glycoconjugates. We concluded that dorsal mucous glands of metamorphosing Bufo viridis tadpoles contain at least two different conical cell types and glycoconjugate heterogeneity of mucous glands may be related with different functions of mucins.
Introduction
Anuran skin is a very complex organ that plays important roles in mechanical protection (Amiche et al. 2000) , respiration (Van Driessche & Hillyard 1985) , and ion and water balance (Stiffler 1994; Sørensen & Larsen 1996; Jørgensen 1993; . It is comprised of two major parts: a mucus-covered epidermis and underlying dermis. During metamorphosis, distinct structural changes occur in the skin paralleled by changes in its functional properties (Takada 1985; Fox 1986 ), for example, mucous glands develop and dorsal skin of body transforms to adult skin, whereas tail skin disappears by tail resorption at metamorphic climax stage (Kaltenbach et al. 2004; Kinoshita et al. 2005) . Cutaneous mucus produced by intradermal mucous glands protects amphibians from excessive water loss or gain, acts as a barrier that protects from bacterial and fungal infections and minimizes mechanical damage to the skin out of water (Clarke 1997) . Mucins are high molecular weight glycoproteins that contain at least one protein domain (Thornton & Sheehan 2004) . Cell surface-bound and -secreted mucins contain a range of N-acetylgalactosamine (GalNAc)-Ser/Thr O-linked carbohydrate residues (O-glycans) (Brockhausen 2006 ).
In addition to GalNAc, mucins may also contain Nacetylglucosamine (GlcNAc), galactose, fucose, sialic acids and sulphate (Thornton & Sheehan 2004) . Carbohydrates of the cell surface and/or extracellular matrix glycoconjugates and proteoglycans have many diverse and important functions in vertebrates, like cell-cell and cell-matrix adhesion events, cell signalling and development (Varki 1993; Sharon & Lis 2001) .
Lectins are non-immune proteins or glycoproteins that bind specific terminal or sub-terminal carbohydrate residues (Vijayan & Chandra 1999) . They are widely used as probes to detect different type glycoconjugates in cells (Lis & Sharon 1986) .
In the present study we evaluated the glycoconjugate alterations in mucous glands in dorsal regions of the skin during metamorphic climax of the Eurasian green toad Bufo viridis (Amphibia: Anura) tadpoles by histochemical and lectin histochemical analysis.
Material and methods

Animals
Fertilized eggs of Eurasian green toad Bufo viridis (Amphibia: Anura) were collected from natural puddles near the Muradiye Campus area of Celal Bayar University (Manisa, Turkey) in February 2004. Twenty-two tadpoles were fed in vivariums (50 cm diameter, 20 cm water depth) at laboratory before their climax stage of metamorphosis. After the euthanasia by pithing, caudal parts of metamorphosing at Gosner's stage 43 (Gosner 1960) were excised at +4
• C. Tissues fixed with either 10% buffered formalin saline or St Marie's solutions (95% ethanol, 1% acetic acid) were dehydrated with graded alcohol series and embedded to paraffin. Tissue sections of 5-µm thickness were cut and mounted on glass slides. Sections were deparaffinized and rehydrated in a series of 100%, 100%, 95%, 80%, 70%, and 50% ethanol solutions and distilled water, respectively. In order to determine the general morphology of mucous glands, Mayer's hematoxylin and eosin staining was applied.
Alcian blue-PAS staining Alcian blue (AB) staining was performed followed by periodic acid-Schiff's (PAS) to distinguish between neutral mucins (staining magenta by PAS), sialomucins (staining blue by 1% AB at pH 2.5), sulphomucins with carboxylated glycans (staining blue by AB in 0.025 M MgCl2 at pH 5.7) and sulphomucins (staining blue by AB in 0.3 M MgCl2 at pH 5.7) as described previously (Mowry 1963; Spicer et al. 1967; Yamabayashi 1987) . Mucins were identified by critical electrolyte concentrations at which the polyanions changed from binding AB to Mg 2+ (Scott & Dorling 1965) . AB stained polyanions with increasing selectivity as the MgCl2 concentration in the staining solution increased: in the presence of MgCl2 concentrations below 0.2 M, nucleic acids, carboxylated mucins (i.e. hyaluronic acid) and sulphated ones, including heparan sulphate, were stained; at 0.2 M MgCl2 and above, staining for hyaluronic acid was lost but staining for sulphated mucins (i.e. chondroitin sulphate, dermatan sulphate, heparan sulphate, and keratan sulphate) was retained. Briefly, deparaffinized and rehydrated sections were immersed in 0.05% AB 8GX (Fluka, Russian Fed.) in 0.025 M acetate buffer solution containing 0.025 M and 0.3 M MgCl2 at a final pH 5.7 for 18 hours and counterstained with 1% PAS (1% periodic acid, 1% basic fuchsin, 1 M HCl, 1% sodium metabisulphite) reagent for 30 min. In order to determine sialomucins, procedure was repeated with 1% AB 8GX (pH 2.5) for 30 min and PAS used as counterstain. The slides were finally dehydrated in a series of ethanol (30%, 50%, 70%, 90% and 100%), cleared in xylene and mounted. After drying, the sections were visualized in light power microscope (Olympus, Japan).
Lectin histochemistry
In order to determine glycoconjugate contents of mucous glands we used DIG Glycan Differentiation Kit (Cat = 11210238001, Roche Applied Science, USA). Slides were treated with five different digoxigenin (DIG) labelled plant lectins: (i) Sambucus nigra agglutinin (SNA) specific for sialic acid linked (2→6) to galactose [SAα(2→6)Gal]; (ii) Galanthus nivalis agglutinin (GNA) specific for terminal mannose residues; (iii) peanut agglutinin (PNA) specific for Galβ(1→3)GalNAc; (iv) Datura stramonium agglutinin (DSA) specific for Galβ(1→4)GlcNAc; and (v) Maackia amurensis leucoagglutinin (MAL or MAAI) specific for SAα(2→3)Gal structure. Briefly, deparaffinized and rehydrated slides were blocked and washed in Tris-buffered saline (TBS) and Buffer 1 [TBS, 1mM MgCl2 (Fluka, Germany), 1 mM MnCl2 (Sigma, Germany), 1 mM CaCl2 (Sigma), pH 7.5]. Thereafter, slides were incubated with DIG-labelled SNA (20 µg/mL), GNA (10 µg/mL), PNA (10 µg/mL), DSA (10 µg/mL) and MAL (10 µg/mL) lectins (Roche Applied Sicence, USA) in a humidified chamber, washed twice with TBS and incubated with anti-DIG-alkaline phosphatase for 1 h. After washing with TBS, they were incubated for 3-5 min with 20 µg/mL nitro-blue-tetrazolium chloride/5-bromo-4-chloro-3-indolyl-phosphate staining solution (Roche Applied Sicence, USA) in Buffer 2 (0.1 M Tris-HCl, 0.05 M MgCl2, 0.1 M NaCl, pH 9.5). The reaction was stopped with ultra-pure water when dark brown staining occurred. Slides were mounted with glycerin and analyzed by light power microscopy.
Controls of lectin histochemistry
Specificity of lectin histochemistry controls were run by omitting the PNA, GNA, and DSA lectins and incubating slides with TBS. For the control of SNA and MAL lectin staining, tails were treated with 1 U/mL of type X Clostridium perfiringens neuraminidase (Sigma, Germany), which hydrolyses α(2→3), α(2→6) and α(2→8) glycosidic linkages of terminal sialic acids (Shukla & Schauer 1986) , at 38
• C and pH 7.4 for 45 min and stained with SNA and MAL as described above.
Photography
Olympus CX21 light microscope and Nikon Coolpix E4500 digital camera system (Japan) were used for photography. Image editing was employed with PhotoShop 8.0 (Adobe Systems Inc. USA).
Results
General histology
The skin of tadpole consists of an outer layer, the epidermis and an underlying layer, the subepidermal area (dermis, stratum spongiosum). The subepidermal layer of the skin contains a non-homogenous distribution of two distinct types of glands: the mucous glands and the granular glands (Fig. 1a,b) . These glands are primarily dispersed along the dorsal surface of the tadpole and communicate directly with the exterior surface by means of secretory ducts (not shown). The pigment cells, granular glands and mucous glands imbedded in the subepidermal region are clearly observed (Fig. 1a,b) . Conical cells of mucous glands are proximally arranged in a semilunar configuration opposite the ductal region. The nuclei of these cells are localized basally (Fig. 1b) .
Alcian blue-PAS panel AB in 0.025 M MgCl 2 (pH 5.7). Epidermal basement membrane and basal layer surrounding the mucous gland were stained intensely with AB whereas AB reactivity was slightly decreased in plasma membranes of conical cells in mucous gland (Fig. 2a, Table 1) .
AB in 0.3 M MgCl 2 (pH 5.7). AB reaction was absent in epidermal basement membrane and basal layer surrounding the mucous glands. Instead, PAS reaction was elevated gradually in these regions. In the mucous glands, only a few conical cells showed positivity to AB in this MgCl 2 concentration (Fig. 2b, Table 1 ).
AB (pH 2.5). Regarding AB reaction, PAS staining was increased obviously in the epidermal basement membrane, basal layer of mucous glands and in stratum a b Fig. 1 . The dorsal skin of tadpole has two layers: an epidermis (E) and a dermis (stratum spongiosum, SS, subepidermal area) (a) and (b). In the SS two distinct type of glands are localized: the granular glands (Gg) (a) and the mucous glands (Mg) (b). Mucous glands contain conical cells (arrowhead) proximally arranged in a semilunar configuration. p: pigment, arrow: epidermal basement membrane. Hematoxylin-eosin. Bars: 30 µm. compactum. Similarly, conical cells showed strong positivity to PAS. However, AB reaction was restricted only to a dermal region underlying the epidermal basement membrane (Fig. 2c , Table 1 ).
Lectin panel SNA. Only epidermal basement membranes were stained slightly with this lectin. SNA reaction was absent in conical cells of mucous glands (Fig. 3a, Table 1 ). GNA. Semilunary arranged conical mucosal cells were strongly stained with GNA. There was no specific reaction in epidermal basement membrane and basal layer surrounding the mucous glands (Fig. 3b, Table 1 ).
PNA. The staining patterns and intensities of PNA were highly similar to results from GNA lectin. Likewise, conical cells of mucous glands reacted with PNA. In the epidermal basal layer and basal membranes, however, no regional staining pattern was noted (Fig. 3c,  Table 1 ).
DSA. Strong lectin reactivity was observed in epidermal basement membrane. This intense DSA staining pattern was usually visualized throughout the dorsal surfaces of tadpole and interrupted in ductal regions of mucous glands. In addition to epidermal basement membrane, apical surfaces of conical cells and some epidermal cells, especially the apical ones, were also stained slightly with DSA (Fig. 3d, Table 1 ).
MAL. Positive lectin staining was seen only in a few conical cells, in particular the proximally localized ones, in the mucous glands. In addition, the epidermal basement membrane was moderately stained. Similar to results from DSA lectin, MAL reactivity in the epidermal basement membrane was interrupted in the ductal region of mucous gland (Fig. 3e, Table 1 ).
Controls of lectin histochemistry. SNA and MAL reactivity disappeared with neuraminidase digestion (Fig. 3f,g ). When PNA, GNA, and DSA lectins were omitted and slides were incubated with TBS, no signal was observed (Fig. 3h ).
Discussion
In this study, we evaluated the distribution of glycoconjugates in the dorsal mucous glands of methamorphosing Eurasian green toad Bufo viridis tadpoles using the histochemical and lectin histochemistry methods. The conical cells of mucous glands revealed weak positivity with AB in 0.025 M MgCl 2 (pH 5.7). In higher concentrations of MgCl 2 (i.e. in 0.3 M) at the same pH, most of the conical cells were AB-negative, whereas a few conical cells reacted with AB in this concentration indicating that at least two different type conical cells are found in the mucous glands which express carboxylated and weakly sulphated glycoconjugates, as described previously in Rana fuscigula (Els & Henneberg 1990) . Similarly, in our lectin histochemistry results, only a few conical cells were positive for MAL indicating that at least two different cell types were found in mucous glands of tadpoles. Most recently, it was suggested that Bufo ictericus skin contained high amounts of hyaluronic acids, dermatan sulphate and small amount of heparan sulphates ).
Mucous glands in our samples did not react with 1% AB (pH 2.5). Similar results were observed with SNA lectin, which was specific for SAα(2→6)Gal structures, whereas the reactivity of MAL, specific for SAα(2→3)Gal residues, was restricted to only a few conical cells. Schumacher et al. (1994) stated that conical cells of Xenopus laevis mucous glands were more intensely stained with AB at pH 2.5, while Dominguez et al. (1981) reported that the secretion of Rana ridibunda mucous glands contained sialomucins as well as neutral and sulphated mucins.
Lectin staining of mucin glands in larval skin has not yet been reported for Bufo viridis. Schumacher et al. (1994) also reported that conical cells stained with PNA and SNA, whereas MAL did not react with any glandular structures on Xenopus laevis. In our study, conical mucous cells reacted strongly with GNA, PNA, DSA and weakly with MAL. These results indicate that conical cells express mainly mannose, galactose and partially α(2→3) linked sialic acid bearing glycoconjugates. More recently, it was stated that the secretory cells of the mucous glands express α-fucose and α-galactose in Bufo ictericus (de Brito Gitirana et al. 2007 ) and β-galactose in Rana catesbeiana skin (Kaltenbach et al. 2004 ). These different results may be derived from interspecific diversity. On the other hand, there might be a discrepancy in glycoconjugate contents between adult and developing mucous glands; these also could be related to season, habitat and body region from which the skin samples were obtained, as well as the size and gender (Kaltenbach et al. 2004 ).
In conclusion, glycoconjugates have a specific localization in the mucous glands of metamorphosing Bufo viridis tadpoles and the mucous glands contain at least two different types of conical cells, which express different glycoconjugates. This glycan diversity of mucin glands might be related with functional heterogeneity of mucins, such as protection from infections, regulation of water and ion balance and lubricating effect against the abrasive and mechanical damage (Perez-Vilar & Hill 1999) .
